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Abstract 
The paper deals with the evaluation issues of kinetic constants (activation energy and preexponential factor) characterizing gas 
products emission process under sulfur oil shale semi-coking in units with solid (ash) heat-carrier. 
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1. Introduction 
A brief papers review on oil shale organic matter thermal decomposition kinetics studying carried out in [1-4]  
shows that the mathematical model development making possible to predict thermolysis process proceeding and to 
determine products composition on the basis of oil shale chemical composition and its structure is nowadays one of 
the fuels thermal decomposition studying main problems. 
To develop the mathematical model of sulfur shale thermal decomposition process (semi-coking) according to 
the formal chemical kinetics laws, it is necessary: 1) to define the kinetic parameters system describing the kinetics 
of shale semi-cocking total volatile products yield; 2) to determine the original composition of shale functional 
groups; 3) to find out the shale particles temperature dependence on time.  
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2. The study subject (Model, Process, Device, Sample preparation etс.) 
There is currently no rigorous theory that would make it possible to predict thermolysis process proceeding and 
to determine products composition on the basis of oil shale chemical composition and its structure. Therefore, in 
most cases the thermolysis of each particular shale is experimentally studied, the process parameters impact on its 
products composition and yield is investigated. Subsequently, a qualitative interpretation of obtained results is given 
and more or less adequate process model is developed by means of the theory. 
In some studies [5, 6] the attempts to develop the general principles of pyrolysis modeling in which a wide 
variety of chemical characteristics is used for oil-shale kerogen structure reproducing have been made.  
However, it is generally accepted that shale organic matter macromolecule structure considerably depends upon 
the sulfur, nitrogen, oxygen content and their ratios. These elements most commonly form side radicals of hydrogen 
and carbon macromolecule base and define the products composition of primary thermal decomposition. Generally, 
shale organic matters of different deposits greatly differ on these parameters.  
3. Methods 
In this paper model kinetic parameters were chosen to give quantitative interpretation of available experimental 
data on sulfur oil shale semi-coking. The parameters values are not connected with the shale structure, its 
elementary composition and cannot be used for shale thermolysis modeling of different deposits.  
The technological effectiveness of the vapor-gas mixture (VGM) catalytic conversion subsequent process is 
mainly defined by qualitative and consumption characteristics of shale semi-coking vapor-gas products supplied into 
this process. The available experimental material on sulfur shale semi-coking in the solid heat-carrier unit (SHCU) 
is nonrecurring and accidental one and cannot be applied for the deep analysis of original substance influence on 
thermocatalytic conversion parameters. In this regard, the sulfur shale semi-coking process in SHCU on the basis of 
formal chemical kinetics ratios was described by the authors at the first stage of work. The description is based on 
experimental material by Kazakov E.I. and other authors.  
The experiments were carried out on the stand unit with a solid heat-carrier having capacity of 15 kg/hr of shale. 
This unit models semi-coking circuit of industrial process and its scheme is represented in Fig. 1. 
Fig. 1. Stand scheme designed for technological characteristics studying of oil shale and other high-ash fuels under reprocessing in SHCU: 1 - 
feed bin, 2 - disk feeder, 3 - dry shale screw, 4 - mixer, 5- reactor, 6 - level regulator, 7 - distributing cone, 8 - aerofountain furnace, 9 - by-pass, 
10 - heat-carrier separator, 11 - heat-carrier screw, 12 - first-stage ash separator, 13 - switching device, 14 - receiving bin, 15 - air heater, 16 - 
firing furnace, 17 - second-stage ash separator, 18 - fine filter, 19 - scrubber, 20 - sparging pump, 21- receiving vessel, 22 - condenser, 23 - 
electric precipitator. 
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The main results of experimental semi-coking are represented in Table 1. 
                                                                 Table 1. Balance experiments results on shale semi-coking and thermolysis products yield. 
Parameter, UM 
Experiment number 
1 2 
Temperature of technology furnace, оС 640 680 
Temperature of heat-carrier, оС 618 652 
Heat-carrier/shale ratio 3.5 2.75 
Products yield, % on dry shale 
- tar 
- gas 
- pyrogenic water 
- total volatile products 
- coke-ash residue 
- organic matter in coke-ash residue 
 
20.62 
7.9 
6.06 
34.58 
65.42 
6.82 
 
18.60 
9.1 
5.34 
33.04 
66.96 
8.36 
Taking into consideration the small amount of G.M.Krzhizhanovsky Power Engineering Institute experimental 
material, Kocebinskij shale semi-coking data of the fluidized bed obtained by V.F. Simonov were also used. Shale 
characterization of Kocebinskoe deposit on [8] and Pereljub-Blagodatovskoe one on [7] are represented in Table 2, 
while main results of the experiment are shown in Table 3. 
                                               Table 2.  Shale samples characterization.  
Parameter, UM 
                        Deposit 
Kocebinskoe Pereljub-Blagodatovskoe 
Humidity, % 7.39 8.93 
Ash on the dry basis, % 58.14 47.1 
Carbonate carbon dioxide, % 14.6 11.3 
Nominal organic matter (different), % 27.26 41.4 
Total sulphur, % 5.09 5.23 
Gross calorific value, MJ/kg 6.16 13.50 
Shale yield by Fisher, % 11.2 19.4 
 
         Table 3. The results of balance experiments on shale semi-coking (without considering the heat-carrier). 
Consumed components of material balance, kg/ 100 kg of dry shale 
Temperature of vapor-gas mixture in semi-coking reactor, оС 
515 575 595 
Semi-coke 70.0 67.7 63.0 
Carry-over 2.8 2.4 3.1 
Volatile: 
- tar (raw)  
- pyrogenic water 
- shale gasoline 
- high-boiling tar 
- gas of semi-coking 
19.46 
5.5 
10.9 
0.96 
1.0 
1.1 
21.72 
5.05 
12.9 
1.08 
0.69 
2.0 
23.2 
4.7 
14.1 
1.22 
0.48 
2.7 
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Semi-coking process conditions of the fluidized bed according to the data [8] are presented in Table 4. 
                                                 Table 4. The conditions of shale semi-coking experimentations in the fluidized bed.  
Parameter, UM 
Experiment number 
4 5 6 
Dry shale consumption, kg/hr 3.74 3.59 4.01 
Semi-coking time, min. 14.25 15.5 8.9 
Тemperature of vapor-gas mixture in semi-coking reactor, оС 515 575 595 
 
According to the chemical kinetics postulates, the total volatile products formation velocity at shale semi-coking 
can be described by means of the following equation: 
1
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0
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  (1)          
where dgi is the amount of the formed volatile products in a time dτi of i-calculation section from the beginning 
of kg/100 kg of dry slash decomposition; K0 is the preexponential factor, 1/hour; E is the activation energy, 
kJ/kg∙mole; R is the universal gas constant, kJ/kg∙mole∙K; T is the thermal decomposition temperature (average one 
by mass of semi-coked shale particles), K; g0 is the nominal organic matter initial content in dry shale, kg/100 kg of 
dry shale.  
Equation (1) can be converted into simpler form when transferring from the time infinitely small calculation 
sections to the final values dτ: 
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  (2)          
The latter equation (2) is convenient for dependence (1) type identifying and experimental data processing for 
these purposes. From (2) the following equations are derived: 
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4. Results and discussion 
The available experimental material on sulfur shale semi-coking in SHCU and the research data made possible to 
obtain the following descriptions of kinetic dependences represented in Figure 2. 
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Fig. 2. The results of experimental data processing [7, 8] in kinetic coordinates: 1 - at K0 = 55,7 1/hour and E = 1400 kJ/kg∙mole∙K; 2 - at K0 = 
17,46 1/hour and E = 560 kJ/kg∙mole∙K. 
According to the processing results (Fig. 2) the following equations were obtained:  
1400
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g
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   '   
is for line 1;  
560
017, 46 RT
g
e g gW
   ' is for line 2. 
At g0 = 41.4 kg / 100 kg of dry shale, T = 765 and τ = 0.33 hour (shale semi-coking conditions in SHCU) we 
obtain g = 31.0 or g = 30.5 depending on the accepted calculated equation and kinetic constants value (actual value 
is gexp = 30.22). Thus, the description error on the volatile products yield with the use of line 2 corresponds to less 
than 1 %, and appropriate equation is accepted for the further applying. 
The oil shale thermal decomposition obtained process description is necessary to be transformed with the purpose 
of volatile products individual components separation kinetics defining. Unfortunately, the experimental data on 
sulfur oil shale of Povolzhye are not available. In this regard, at the first stage of the research, data on gas individual 
components yield for the Baltic shale according to the data of A.S. Fomina and coauthors depending on the 
temperature  (Table 5) were used and are represented graphically in Fig. 3. 
Fig. 3. Gas components and total semi-coking gas yield, ml/100 grams of the organic matter: 1 – СО2+Н2S; 2 – СnHm+CH4+CO+H2; 3 - the total 
gas amount (cumulative sum). 
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Table 5. Gas amount emitted per 100 g of shale organic matter at the atmospheric pressure, mmHg (interval duration is  W>50 hr). 
Temperature 
interval оС 
Components Total gas 
amount 
Total gas amount 
(cumulative sum) 
СО2+Н2S СnHm+CH4+CO+H2 
In the temperature 
interval 
Cumulative 
sum 
In the temperature 
interval 
Cumulative 
sum 
up to 100 19    19  
100-125 20 39   20 39 
125-150 13 52   13 52 
150-175 11 63   11 63 
175-200 12 75   12 75 
200-225 6 81   6 81 
225-250 46 127 6  52 133 
250-275 159 286 17 23 176 309 
275-300 180 466 93 116 273 582 
300-325 457 923 454 570 911 1493 
325-350 1106 2029 2446 3016 3552 5045 
350-375 339 2368 2197 5213 2536 7581 
375-400 81 2449 1930 7143 2011 9592 
400-425 18 2467 252 7395 270 9862 
 
According to the data of Fig. 3 and Table 4 the following can be concluded: 
Most of gas components  (СО2, Н2S) and of water vapors is emitted from the shale organic matter at the 
temperature up to 350 оС. With the further increase of temperature and semi-coking time, the yield of these 
components in absolute terms can be accepted as a constant one.  
The emission of СН4 and Н2 significantly continues up to 400 оС and the rates of their absolute yield growth with 
the further temperature and decomposition time increase are comparable to the total yield of volatile products. 
For the processes quantitative characteristics clarifying, the calculation by the equation for line 2 in Fig. 2 of the 
volatile products yield at the shale heating variable temperature values was conducted. In the first approximation, 
shale normal pieces linear variation at the initial processing phase in the SHCU cylindrical reactor is accepted 
(heating rate is 80 K/min and it will be specified with further operation development).The results are represented in 
Fig. 4 and were compared with the volatile products yield in SHCU according to the data of G.M. Krzhizhanovsky 
Power Engineering Institute.  
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Fig. 4. The yield of semi-coking volatile products defined at K0 = 17.46  1/hr and E =560 kJ/kg∙mole∙K  
and experimental values according to [7] and [8]. 
5. Conclusion 
x On the basis of the published experimental data, mathematical description of  sulfur oil shale semi-coking process 
based on the formal chemical kinetics ratios was developed. 
x The total yield of volatile substances was proposed to be divided into three groups of components: deoxidation 
gases, carbonic oxide and hydrocarbon gases, tar of semi-coking. 
x The computational and experimental data correlation on volatile substances yield revealed the acceptable 
convergence. 
x Obtained kinetic constants of sulfur oil shale thermal decomposition can be used when processes modeling in 
modern flow-type machines, e.g. [9]. 
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